Abstract. The value of assessing tumor infiltrating lymphocytes (TILs) in estrogen receptor (ER) positive/human epidermal growth factor receptor type 2 (HER2) negative breast cancer has yet to be determined. In the present study, a total of 184 cases with early distant recurrence detected within 5 years following the primary operation, 134 with late distant recurrence diagnosed following 5 years or longer and 321 controls without recurrence for >10 years following starting the initial treatment for ER-positive/HER2 negative breast cancer, registered in 9 institutions, were analyzed. The distributions of TILs and their clinical relevance were investigated. TIL distributions did not differ significantly among the early, late and no recurrence groups, employing a 30% cut-off point as a dichotomous variable. In those who had received adjuvant chemotherapy as well as endocrine therapy, a trend toward higher TIL proportions was detected when the early recurrence group was compared with the no recurrence group employing the 30% cut-off point (P= 0.064). The TIL distributions were significantly associated with nodal metastasis (P= 0.004), ER status (P= 0.045), progesterone receptor (PgR) status (P=0.002), tumor grade (P=0.021), and the Ki67 labeling index (LI) (P=0.002) in the no recurrence group and with the Ki67 LI in the recurrence groups (P= 0.002 in early recurrence group, P=0.023 in late recurrence group). High TIL distributions also predicted shorter survival time following the detection of recurrence (P=0.026). However, these prognostic interactions were not significant in multivariate analysis (P= 0.200). The present retrospective study demonstrated no significant interaction between TIL proportions and the timing of recurrence. However, higher TIL proportions were observed in breast cancer patients with aggressive biological phenotypes, which tended to be more responsive to chemotherapy. The clinical relevance of stromal TILs for identifying patients who would likely benefit from additional therapies merits further investigation in a larger patient population.
Introduction
Breast cancer is a heterogeneous disease, which is categorized into subtypes according to gene expressions and clinicopathological features (1, 2) . Luminal subtype, which is one of the recognized subtypes, is characteristically estrogen receptor (ER) positive and human epidermal growth factor receptor type 2 (HER2) negative. Endocrine therapy is considered first, and then chemotherapy in high-risk groups, based on the pathological diagnosis which includes histological classification, tumor grade, the Ki67 labeling index (LI) and lymph node metastasis, as adjuvant systemic therapies (3, 4) . However, some luminal tumors recur regardless of adjuvant therapy, which is a critical problem that must be overcome to improve patient survival (5) .
The importance of tumor infiltrating lymphocytes (TILs) has increasingly been recognized in recent years (6) (7) (8) (9) . The host immune system appears to influence the development of breast carcinoma (10) . In addition to these observations, chemotherapy might trigger recruitment of lymphocytes to tumor nests (11, 12) . We also need to understand whether TILs have an important role in patients receiving endocrine therapy (13, 14) . Therefore, we need to understand the biological features and functions of TILs in the breast cancer microenvironment. Many studies have compared TILs among breast cancers to determine their prognostic value. Abundant TILs in highly proliferative tumors such as triple negative breast cancer and HER2 positive breast cancer have been demonstrated (15, 16) . In a recent study, marked TIL infiltration was found to be associated with better outcomes for patients with these subtypes (17) (18) (19) (20) (21) (22) (23) . On the other hand, recruitment of TILs was also reported to have variable impacts on the outcomes of ER positive/HER2 negative breast cancers (13, 15, (24) (25) (26) (27) (28) . However, details of TIL distributions are lacking as there have been few studies focusing on the timing of recurrence. In addition, the relationships between TIL distributions and the efficacies of systemic therapies such as chemotherapy and endocrine therapy remain poorly understood.
We retrospectively collected data from ER positive/HER2 negative breast cancer cases with early and late distant recurrence and from patients who remained recurrence free for more than ten years, and then identified clinicopathological factors predicting early and late recurrence in ER-positive/HER2 negative breast cancer cases (29) (30) (31) . We next investigated the biological and prognostic significance of TILs, by comparing these three groups. We compared proportions of TILs among these groups and investigated associations between TIL distributions and clinicopathological factors in each group.
Materials and methods
Cases and clinical samples. This retrospective multi-institution study was conducted as Scientific Research of the Japanese Breast Cancer Society (29, 30) . We registered 223 consecutive patients with early distant recurrence and 149 consecutive patients with late distant recurrence of ER-positive/HER2 negative breast cancer, who had undergone breast surgery and/or neoadjuvant chemotherapy between January 2000 and December 2004, from nine institutions. These institutes were Okayama University, the Cancer Institute Hospital, the Japanese Foundation for Cancer Research, Hokkaido University, Juntendo University, National Health Organization (NHO) Osaka National Hospital, Kumamoto University, Kumamoto City Hospital, the NHO Hokkaido Cancer Center, and Nagoya City University. Early recurrence was diagnosed based on distant metastasis within 5 years, late recurrence as distant metastasis more than 5 years after initial treatment. For each late recurrence patient, in general, two age-matched patients free of recurrence for more than ten years were randomly selected using RAND in combination with Excel software at each institution. In total, 321 patients who had been recurrence free for more than ten years served as study controls. The study protocol was approved by the institutional review board (IRB) of each participating institution and conformed to the guidelines of the 1996 Declaration of Helsinki. Opting out and a waiver of informed consent were options, as anonymized archival specimens were used in this retrospective study.
Expressions of ER, PgR, HER2, and Ki67 LI were centrally assessed employing immunohistochemistry. HER2-positive tumors were excluded from this study. The details were documented in our previous report (30) .
Hematoxylin and eosin (H&E) stained sections were available from 639 of the registered patients (early recurrence: n=184, late recurrence: n=134, no recurrence: n=321). In these cases with available sections, TIL proportions were compared among the three groups. We also assessed the relationships between TIL proportions and other clinicopathological features. Moreover, the relationship between TIL proportions and survival time after recurrence was evaluated for both groups with recurrent disease, i.e., both late and early recurrence.
Evaluation of TILs. H&E-stained sections were utilized for evaluation of TILs. The percentages of stromal lymphocytes, serving as a predefined criterion in Denkert's et al and Loi's et al reports (8, 25, 32) , were evaluated by two observers. Stromal TILs were measured as the percentage of immune cells in stromal tissue within the tumor that showed a mononuclear immunological infiltrate (Fig. 1) . Heterogeneous distributions were documented in almost all of the sections examined. Therefore, hot spots, cold spots, and Tertiary Lymphoid Structure were not taken into consideration in any of the measurements conducted; instead, one representative area was selected and evaluated. The findings were categorized according to three possible cut-off points for TIL proportions (10, 30 , and 50%).
Statistical analysis. Differences in clinicopathological data were compared between cases with and without recurrence employing the Chi-square test. The Chi square test was utilized when investigating associations between the TIL distribution and clinicopathological features in each group. The Kaplan-Meier method was used to estimate survival duration from the time-point of recurrence detection. Differences between overall survival curves were determined with the log-rank test. For both univariate and multivariate analyses, Cox regression was used to evaluate the influences of the variables on survival time. All of the data were analyzed employing JMP 11.0.0 (SAS Institute Inc., Cary, NC, USA) statistical software. A value of P<0.05 was considered to indicate a statistically significant difference. 
Results

Patient characteristics. Patient characteristics are presented in
Distributions of TILs.
The TIL distributions are shown in Table II . Percentages of TILs did not differ significantly among the three groups (P=0.556). In previous reports, various cut-off points were utilized (10, 35, 50 and 60%) (14, 25, 27, 28, 33) . However, there are as yet no standardized cut-off points. We selected a 30% cut-off point from among the potential values because there were few cases with TIL proportions lower than 10% or more than 50% in our study. We thus conducted the following analyses employing 30% as the cut-off point.
In each case, various adjuvant therapies had been administered. Therefore, we investigated the TIL distributions according to the presence of adjuvant chemotherapy and endocrine therapy. The odds ratios for recurrence with high TILs are presented in Table III . There were no significant interactions between TIL proportions and the time of recurrence in any of the subgroups. In those who had received adjuvant chemotherapy as well as endocrine therapy, a trend toward higher TIL proportions was detected when the early recurrence group was compared with the no recurrence group employing the 30% cut-off point (P=0.064).
Associations of TIL proportions with clinicopathological factors.
We assessed whether the proportion of TILs was associated with clinicopathological factors (Table IV) . TILs in breast cancer specimens correlated significantly with the Ki67 LI (P= 0.002) in the early recurrence group. Nodal metastasis (P=0.008), tumor grade (P=0.008), and Ki67 LI (P=0.023) showed significant associations with the proportion of TILs in the late recurrence group. Nodal metastasis (P= 0.004), ER status (P= 0.045), PgR status (P= 0.002), tumor grade (P= 0.021), and Ki67 LI (P= 0.002) showed significant associations with the proportion of TILs in the no recurrence group.
Survival time after distant recurrence. We analyzed 318 cases (early recurrence: 184 (58%), late recurrence: 134 (42%)) to compare survival duration from the time of recurrence detection between the cases with high and low TIL proportions (Fig. 2) . The median follow-up duration from the detection of recurrence until death due to breast cancer was 39 (0-141) months in the early recurrence and 34 (0-89) months in the late recurrence group. The Kaplan-Meier method revealed a significant difference between these two groups in TIL distributions (P= 0.026) (Fig. 2) . Moreover, the Kaplan-Meier method revealed a trend for higher TIL proportions in the early recurrence group (P=0.080), while there was no difference in the late recurrence group (P=0.187). Univariate analysis of all cases with recurrence revealed TILs, nodal metastasis, and tumor grade to be significant prognostic factors. We selected significant parameters (P<0.20) from among various conventional confounding factors, and performed a multivariate analysis in which nodal metastasis, PgR, tumor grade, and Ki67 LI served as categorical variables. In this multivariate analysis, lymph node metastasis (P=0.027) was found to be an independent prognostic factor, while the proportion of TILs was not (P=0.200) ( Table V) .
Discussion
In this retrospective study, the TIL proportions did not vary among recurrence patterns. However, among those Among stromal areas within tumor nests, a small number of TILs ranging from 10 to 29% were identified in (A), but in (B) TIL proportions exceeded 50% (magnification, x400). TILs, tumor infiltrating lymphocytes. Table I . Clinicopathological factors according to the time of recurrence. Many researchers have focused on the significance of differences in TIL proportions among breast cancer cases (7, 34) . Methods for TIL evaluation varied among these studies. The methods used ranged from evaluation of H&E sections for lymphocyte density and area, immune cell typing with immunohistochemistry and immune cell related transcriptome techniques (35) (36) (37) (38) (39) (40) (41) (42) (43) . Many previous studies showed higher proportions of TILs to be observed in such de-differentiated tumors as triple negative breast cancer (25, 33, 44) . As to pathological examinations, tumor grade and Ki67 LI both correlated with higher TIL proportions (25) . However, in those with triple negative breast cancer, higher TIL proportions also indicated a better prognosis according to several reports (44, 45) , while one study found that in ER positive breast cancer accompanied by less recruitment of TILs than the triple negative subtype, the TIL proportions lacked prognostic significance (46) . On the other hand, according to a few studies, TILs also correlated with the outcomes of patients with ER positive breast tumors (14, 33) . The conflicting results obtained in these studies may reflect different study populations and evaluation methods. We utilized H&E-stained sections to evaluate representative densities of lymphocytes in the stromal area. The data obtained in this case control study of luminal breast tumors were analyzed by comparing TIL proportions among recurrence patterns. We also evaluated time of recurrence in a long-term follow-up study.
In our full study population, TILs showed no correlation with the timing of recurrence. However, among those receiving chemotherapy and endocrine therapy, cases with higher TIL proportions tended to experience fewer recurrences, though the difference did not reach statistical significance. We speculated that patients with breast tumors showing higher TIL Table I . Continued. .001. EarR, early recurrence; LateR, late recurrence; NoR, no recurrence; IDC-NST, invasive ductal carcinoma of no special type; A+T, anthracycline and taxane; A, anthracycline; T, taxane; CMF, cyclophosphamide, methotrexate, and fluorouracil; TAM, tamoxifen; TAM+LHRH, tamoxifen and luteinizing hormone-releasing hormone; TAM→AI, tamoxifen followed by aromatase inhibitor; TAM+LHRH→AI, tamoxifen and luteinizing hormone-releasing hormone followed by aromatase inhibitor; AI, aromatase inhibitor; LHRH, luteinizing hormone-releasing hormone; Ki67 Labeling index, Ki67 LI. Table II . Differences in the distributions of TIL proportions among recurrence pattern. proportions might benefit more from chemotherapy. ER positive breast cancer patients received endocrine therapy, which
Number (%) P-value ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Number (%) -----------------------------------------------------------------
was an important aspect of clinical management. Different adjuvant therapy modalities might make interpreting the LPBC was defined as a mean density of TILs of at least 50%. However, most luminal breast cancers showed heterogeneous and low-density infiltration of lymphocytes into the stromal area. Therefore, identifying LPBC might not allow adequate evaluation of luminal breast tumors (16) . Reliable methods for evaluating these heterogeneous distributions and the low density of TILs are as yet lacking. According to Vassiliki's report, investigation employing a 35% cut-off point as a binary parameter revealed an interaction between high TIL proportions and better outcomes, but this interaction was not statistically significant (33) . According to Denkert's et al report, a high proportion of TILs is associated with a high pathological complete response rate (27) . Jang and Kwon, employing a 10% cut-off value, reported high TIL proportions to be associated with better outcomes for luminal B (ER positive, HER2 negative, and higher Ki67) breast cancer patients who received adjuvant anthracycline (28) . Higher TIL recruitment might make cancer cells more responsive to chemotherapy. The various cut-off points need to be investigated in terms of their significance when applied with various chemotherapy regimens. Studies utilizing ecological measurements and immune cell typing with immunohistochemistry have shown associations of lymphocytes, specifically their functions, with patient outcomes (15, 35, (47) (48) (49) . The value of H&E-stained sections for determining lymphocyte density and area might be limited because the function of lymphocyte recruitment around tumor nests is not revealed by this method. Lymphocytes might promote or negatively regulate the growth of tumor nests. Flow cytometry, immunohistochemistry, and transcriptome analysis may be useful for determining the cell counts of specific lymphocyte populations. Further detailed studies, focusing on the function, extent and localization of tumor lymphocytes, are needed. According to previous reports, high TIL proportions were found in aggressive breast cancer subtypes (15, 25) . In our present study, in each group, TILs were identified in specimens from cases with a high Ki67 LI. Moreover, the TIL distribution correlated significantly with nodal metastasis, ER status, PgR status, tumor grade, and Ki67 LI in the no recurrence group. High TIL proportions correlated with rapid tumor growth, Table V . Univariate and multivariate analyses for survival time from recurrence detection until mortality due to breast cancer. Survival time from recurrence detection until mortality due to breast cancer. There were significant differences in the (A) recurrence group as a whole. However, there was no significant difference in the (B) early recurrence group or in the (C) late recurrence group. TILs, tumor infiltrating lymphocytes.
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leading to death from breast cancer recurrence. Studies have demonstrated associations between high TIL proportions and poorer outcomes (13, 26, 27) . On the other hand, several reports have noted an association between TIL proportions and the effects of chemotherapy (15) . We speculated that infiltration and accumulation of TILs might reflect both the aggressiveness and the fragility of cancer cells, suggesting that patients would benefit from cytotoxic agents. However, minor clusters of TILs in luminal breast tumors appear to have little, if any, role in recurrence and thus might not be important when considering various adjuvant settings. On the other hand, patients with breast tumors showing TIL recruitment might have a slightly poorer prognosis after recurrence due to the aggressive nature of these tumors. Luminal subtype tumors are characteristically ER positive and HER2 negative, reflecting heterogeneous breast cancer biology. Hormonal treatment is considered first, and then chemotherapy in high-risk groups, based on the pathological diagnosis which includes histological classification, tumor grade, Ki67 LI and lymph node metastasis. Therefore, we need to investigate the significance of TILs as a predictive factor for selecting therapies such as chemotherapy, endocrine therapy and molecular targeted therapy among prospective cohorts in a well-planned adjuvant setting. TILs may serve as a surrogate marker for systemic therapies. Additional translational research is also required to fully investigate the significance of potential TIL biomarkers. Our study is limited by its retrospective, case control design. Therapy selections and intervals varied among physicians. Our results might thus have been affected by selection bias. Also, our sample was small. Therefore, our conclusions are inevitably somewhat controversial. Verification of our findings requires a prospective, well-planned study with a large cohort. In the present study, we utilized a predefined cut-off point to categorize the subgroups according to different TIL proportions. This cut-off point was selected from among potential cut-off value candidates based on our dataset. Therefore, this cut-off point might not be optimal. An optimal cut-off point needs to be established, in a future study, based on the details of TIL proportions as a continuous parameter.
In our present study, recruitment of TILs was more often observed in aggressive phenotypes, such as ER positive, HER2 negative breast cancer, but did not significantly predict recurrence. However, higher TIL proportions were observed in breast cancer patients with aggressive biological phenotypes which tended to be more responsive to chemotherapy. The significance of stromal TILs for identifying patients likely to benefit from additional therapies merits investigation in a large future study.
